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INTRODUCTION 
A recent outbreak of Mataucoccus resinosae Eean & Godwin 
in Stamford, Connecticut stimulated the author's interest in this insect, 
and eventually led to the subsequent development of this thesis problem. 
Previous research on this insect has been concerned almost entirely 
with (1) its taxonomic description and (2) methods of controlling it by 
the application of insecticides. Life history studies have been carried 
out in conjunction with empirical control tests that have given erratic 
and largely unpredictable results. Knowledge of the insect is there¬ 
fore based on observations and experiments that are limited both in 
number and scope. 
M- resinosae is a tree-killer, currently restricted in distribu¬ 
tion but potentially capable of killing large numbers of the primary host 
tree, red pine, over a much wider area. The insect's life cycle and 
ecological relationships are of interest academically, but were found 
to be difficult to study, particularly in a quantitative way. 
An attempt has been made to present a general picture of the 
abundance, distribution, and economic importance of this scale insect. 
Some attention has also been given to the biological and ecological 
differences which exist between ,M. resinosae and other species of 
Matsucoccus, The life cycle of M, resinosae and the intrinsic factors 
that affect reproduction, longevity, survival, and mortality were 
studied. A quantitative study (based on periodic sampling of the insect 
population) was conducted to determine extrinsic factors affecting 
survival and mortality. The results of these influential intrinsic and 
extrinsic forces are presented in the form of life tables representative 
of the environment in which the insect is presently found. 
This treatise is primarily a progress report on data accumu¬ 
lated to date intended to serve as a basis for further investigations 
of the bionomics of hi. resinosae. It is hoped that an effective means 
of control will eventually evolve from ensuing studies. 
r 
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GEOGRAPHICAL DISTRIBUTION AND HISTORY OF OUTBREAKS 
The red pine scale, Matsucoccus resinosae B. & G., a 
Hoiarctic species, is now found in Fairfield and New Haven Counties, 
Connecticut, in Westchester, Nassau, and Suffolk Counties, New York, 
and in Bergen and Passaic Counties, New Jersey. It was first recorded 
in 1946 by Plumb (1950) as killing plantations of red pine on the Hemlocks 
Reservoir watershed of the Bridgeport Hydraulic Company, located in 
Easton, Connecticut. By 1950 the scale had spread to an area surround¬ 
ing the Easton Lake Reservoir approximately four miles to the northeast. 
Surveys conducted by the State of Connecticut during the years 1953, 1956, 
1958, and 1959 showed a gradual movement outward in all directions from 
the locus of earliest infestation (Fig* 1). In 1958 the scale was found 
killing red pines at the North Stamford Reservoir of the Stamford Water 
Company, Stamford, Connecticut. The following year it was recovered 
from a stand of red pine at Laurel Reservoir approximately four miles 
north of the infestation at North Stamford. 
The insect was first reported from Long Island, New York in 
1948. A roadside survey in 1950 revealed spot infestations along the 
Hutchinson River Parkway, and in Yonkers, Scarsdale, and Tuckahoe 
in Westchester County. At that time, damage was extensive in these 
areas and tree mortality had already occurred indicating that the insect 
had been present for two or three years at least. The distribution of 
the insect in New York as determined by State surveys in 1950 and 
1960 is presented in Fig. 2. Two new areas of infestation were report¬ 
ed by W. E. Smith, N. Y. State Conservation Department, in October, 
« } 4» 
Fig. 1 - Distribution of Matsucoccus resinosae B. &; G. in Connecticut 
■ 2 • 
1961. ^ They are located along the Sawmill River Parkway north of 
Ardsley, and on the west shore of Kensico Reservoir north of Valhalla. 
In 1960 M. resinosae was found in Bergen and Passaic Counties, 
New Jersey. At the time of discovery, branches were either dead or 
dying on numerous trees located at the Wanaque Reservoir of the N rth 
Jersey District Water Supply Commission. According to R. C. Fringer, 
2) N. J. Department of Agriculture, ' infestations were subsequently 
detected nearby at Shelton College and the Green Engineering Camp, and 
in the towns of Demarest and Mahwah. Currently, a total of 186 acres 
is known to be infested. Of this, approximately 160 acres have already 
been clearcut to remove affected trees. 
The area of known distribution of M. resinosae is south of the 
natural range of Pinus resinosa (Bean & Godwin, 1955). Extensive 
surveys of natural stands and plantations of red pine have been con¬ 
ducted in northern New York and New England by State and Federal 
personnel. M. resinosae has not been found in these regions. 
The origin of the red pine scale is still a matter of conjecture. 
Bean and Godwin (1955) suggested that, in view of the rate of spread of 
M. resinosae in Connecticut and the heavy mortality of red pine, the 
scale may be an introduced species. Doane (1959) presented Miller's 
suggestion that JVL resinosae may have been imported on exotic pines 
that were planted on the grounds of the New York World Fair in 1939* 
Bodenheimer and Neumark (1955), on the otherhand, concluded that 
1) Personal correspondence, October 17, 1961. 
2) Personal correspondence, November 3, 1961. 
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Matsucoccus species are neither introductions from Japan to the 
western USA nor vice versa; that endemic populations of Matsucoccus 
are to be expected wherever Finns, its only known host taxon, is 
found. However, it seems that if M,. resinosae is endemic in the red 
pine areas of northeastern United States some evidence of it would 
have been observed and recorded earlier, or at least revealed by the 
intensive surveys conducted to detect it. 
Perhaps further studies of M. resinosae and closely related 
species will show them to be individuals of a single species that have 
become adapted to different hosts rather than separate species as they 
are now known. Conceivably, the anatomical variations currently used 
to identify one or more of these species could have evolved following 
changes in the behavior patterns of individuals within a given species. 
If this be so, then perhaps these differences in morphology which cur* 
rently serve as a foundation for taxonomy should only be considered as 
a basic prelude to taxonomic reality. 
ttSSIS 
Pine trees are the host plants for the known species of 
Matsucoccus. Prior to 1959, M. resinosae was not found in nature on 
any species of Pinus other than P. reainosa growing in plantations, 
nurseries, or as either shade or ornamental trees. Attempts were made 
to determine whether this scale could become established after having 
been artificially transferred to other pines. Bean and Godwin (1955) 
failed to establish MU resinosae on P. banksiana Lamb., P, rigida Mill., 
- 4 - 
P. sylvestria L., JP. strobus L., 3?. nigra Arnold, and P. mugo Turra. 
Hartzell (1956) was successful in artificially establishing the scale on 
seedlings of Japanese red pine, P.. densiflora Sieb & Zucc., and a 
Chinese pine, J?. tabulaeformis Carr, growing in an arboretum. He 
reported negative results with the following species of Pinua: 
P. ariatata Eng elm. 
P. arroandi Franch. 
P. ayacahulte Ehrenb. (P. ha mat a Roezi.) 
P. bungeana Zucc. 
P. cembra L. var. sibirica Loud. 
P. flexilis James 
P. grifflthii McClelland (P. excelsa Wall.) 
F' beldreichii Christ, var. leucodermia (Ant.) Markgraf 
ex Fitschen. 
P, koraiensia Sieb & Zucc, 
P. lambertiana Dougl. 
P. monticola Dougl. 
P. mugo Turra var. rostrata Hoopes (P. montana Mill., 
P. unlclnata Ramond.) 
P. nigra poiretiana (Ant.) Aschera. & Graebn. (P. laricio 
Poir. var. calabrica Loud,) 
P. parviflora Sieb & Zucc. (P. pentaphylla Mayr.) 
P. peuce Griaeb. 
P. ponderoaa Dougl. 
P. rigida Mill. 
- 5 - 
P. gylvestris L. var. rigensis Loud. 
P. thunbergii Pari. 
Of particular significance here is the infestation of M. resinosae 
found in 1959 on a single specimen of Japanese black pine, JP. thunbergii, 
located on the grounds of the Bartlett Tree Research Laboratories not 
more than a mile northwest of the infestation at the North Stamford 
Reservoir. Presumably, this tree became contaminated from severely 
infested red pines growing nearby. These red pines were removed 
during the winter of 1959. In June of I960 the intermediate larval stage, 
adult females, and ovisacs were observed on the specimen of 
P. thunbergii. The branches displayed injury characteristic of that 
induced by the scale. A few of the lowest branches were dead, 
apparently as a result of scale activity. In the spring of 1961 much of 
the crown of this tree was either dead or dying. An occasional inter¬ 
mediate larva was found at this time. However, there was no evidence 
of M. resinosae in the upper part of the crown. 
ECONOMIC IMPORTANCE 
In the 15 years since it was first recorded, this insect has 
become one of the most serious pests of red pine. Although the present 
area of infestation is restricted to relatively small areas of Connecticut, 
New York, and New Jersey, M,. resinosae constitutes a serious threat 
to the thousands of planted and natural stands of red pine throughout the 
eastern states. The many acres of red pine growing in the Lake States 
would be endangered also should this scale spread generally over a 
~ 6 - 
wider area. 
Much red pine is currently growing in the Northeast as a 
result of reforestation programs. In New York more than 98million 
red pine seedlings have been planted on 135,000 acres of state land, 
and many more on 25, 000 acres of private land. Connecticut has 
approximately 20, 000, and New Jersey 6, 000 acres of red pine, 
mostly planted on watersheds (Bean and Godwin, 1955). Red pine has 
also been used extensively in reforestation programs in the state of 
Pennsylvania. 
The red pine scale is a killer that shows no preference for 
? 
tree size. Trees from two to forty feet in height have been attacked, 
and killed. Apparently, neither age, degree of exposure, nor crown 
density have any bearing on whether or not a tree is attacked by this 
insect. However, certain tree factors may influence the behavior and 
survival of the insect, and thus determine the nature and degree of 
injury done. 
The seriousness of an insect pest problem is determined, in 
part, by the ease with which the pest can be controlled. Although 
extensive studies have been conducted on control of the red pine scale, 
there is to date no effective, practical means of achieving this end. 
TAXONOMY 
THE GENUS MATSUCOCCUS 
The genus Matsucoccus was established by Cockerell in 1909 
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for the reception of a scale insect originally described by Kuwana 
(1905, p. 71 i and 1907, p. 209) as Xvlococcus matsumurae. 
Cockerell's description of the genus is as follows: 
"Female without marsupium; broad posteriorly, not elongated, 
antennae 10-jointed, close together; larva with antennae 7-jointed, and 
very peculiar crab-like legs, the femur large; male without whorls of 
long hairs on the antennal joints; caudal brush long, arising from 
apical segment; rudimentary hind wing with very large hooks. (Japan). " 
Evidently Cockerell gave the prefix Matsu to the genus in recog¬ 
nition of pine as the host group, matsu being the Japanese word for pine. 
Herbert (1921) redescribed the genus without a name change to 
include two other species from pines in America, as follows: 
"Coccidae referable to the subfamily Margarodinae, i.e., adult 
female and first-stage larva with legs and antennae, and at least one 
intermediate stage without these appendages. 
"Adult female elongate, broader posteriorly, with 9-segmented 
antennae, the latter transversely striated, except 1st and 2nd segments. 
Legs well developed, also transversely striated. Tarsus attached at 
apex of tibia and strongly curved outward; with spines on inner margin 
of tibia, two hair-like digitules on tarsus and two knobbed digitules on 
tarsal claws. Without marsupium or anal tube. Mouthparts sometimes 
present. 
"Intermediate larval stage without legs, antennae or anal tube, 
the only conspicuous characters being mouthparts and spiracles. First- 
stage larva with legs and 6-segmented antennae. All three stages 
- 8 — 
it possessing two thoracic and seven abdominal pairs of spiracles. 
The taxonomic position of the genus* in the Order Homoptera, 
was later arranged by Morrison (1928) in the following manner: 
Superfamily: Coccoidea Morrison 
Family: Margarodidae Morrison 1927 
Subfamily: 
Tribe: 
Genus: 
Xvlococcinae Pergande 1898 
Matsucoccini Morrison 1927 
Matsucoccus Cockerell 1909 
A brief description taken largely from Morrison (1928) of the 
above taxonomic classifications may suffice to characterize the tax¬ 
onomic position of the genus Matsucoccus. 
Margarodidae: Scale insects with abdominal spiracles present 
in all stages* adult males with compound eyes; without anal ring bear¬ 
ing pores and setae. 
Living during the growing period on leaves* stems, branches, 
trunks, or roots of host, free or concealed beneath bark or in gall¬ 
like pits, naked or protected by dense waxy secretion or a firm, usual¬ 
ly globular test of secreted material; adult female at maturity deposit¬ 
ing eggs beneath body, in a loose mass of cottony secretion, in a 
definitely formed posterior ovisac, in an internal pouch or marsupium 
or within the gall-like pit or the heavy walled test within which it has 
developed. 
Xvlococcinae: Tarsi of the adult female distinctly two-segment¬ 
ed; disk-like simple pores present. 
Living during the growth period under various conditions* 
exposed freely on the host, protected within the bundles of needle-* 
like leaves, concealed beneath and protected by the bark of the host, 
forming gall-like pits or cavities beneath the host bark or in the host 
twig axils, or forming a heavy globular test. 
Matsucoccini: Body of adult female not heavily chitinized; 
genital opening not surrounded by clusters of disc pores; thoracic 
spiracles without bar, without pores within atrium; abdominal spiracles 
decidedly smaller than thoracic; and tube very poorly developed, hardly 
or not at all present. 
Living so far as is known, only on species of Pinus, the habit 
varying; one species living during the growing period exposed on the 
needles, one within the individual needle bundles, and one within flat 
pustule galls on the twigs. 
The tribe Matsucoccini includes only the type genus, Matsucoccus. 
Therefore, the characteristics presented for the tribe will serve to 
define the genus. 
Ferris (1941), while studying associated pine coccid specimens 
in Baltic amber, discovered that the genus Matsucoccus had already 
been adequately described in 1845 by Koch and Berendt as Acreagris, 
presumably living on Finus succinifera. This study of authentic mate¬ 
rial by Ferris made this synonym almost a certainty. However, be¬ 
cause Matsucoccus is a well-known genus containing some very impor¬ 
tant species, Ferris has urged that the name be preserved if at all 
possible. 
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THE SPECIES OF MATSUCOCCUS 
Since Cockerell's treatise of 1909* fifteen new species have 
been described from North America, four from Europe and the Med¬ 
iterranean area, and three from eastern Asia (Table 1). 
f 
TABLE 1. Species of Matsucoccua, Their Hosts and Geographical 
Distribution 
Matsucoccua species Distribution Pinus hosts 
A. NORTH AMERICA 
M. acalvptus Herbert Idaho P. monophvlla Torr. 
& Frem. 
Ariz. P. edulis Enjzelm. 
P. aristata Eng elm. 
P. balfouriana Grev. 
& Balt. 
M. alabamae Morrison Ala. P. sp. 
M, bisetosus Morrison Cal. P. contorta Dougl. 
Cal. P. jeffreyi Grev. & Balf. 
Cal., Col. P. ponderosa Laws. 
Ariz. P. ponderosa var. 
scopulorum Eng elm. 
Ore. P. radiata D. Don. 
Cal. P. sabiniana Douel. 
M. californicus Morrison Cal. P. jeffreyi Grev. & Balf. 
Cal. P. ponderosa Laws. 
Mr deaeneratus Morrison Ariz. P. ponderosa Laws. 
Mexico P. sp. 
M, eduli Morrison Ariz. P. edulis Eng elm. 
M,. fasciculensis Herbert Ore. P. jeffreyi Grev. & Balf. 
11 
TABLE 1. (contd) 
Matsucoccus species Distribution Pinus hosts 
M. fasciculensis Herbert Cal. P. ponderosa Laws. 
Cal. P. sabiniana Dougl. 
M. gallic olus Morrison N. C., Tenn., 
Mo. 
P. echinata Mill. 
• . • • . 
Ga. i Fla. , P. glabra Walt. 
P. ponderosa Laws. 
Conn.* Mass., 
R. 1., N. H., 
N. Y.. Pa., 
N. J., N. C., 
Ohio 
P. rigida Mill. 
Ga. P. serotina Michx. 
Md., Va. P. taeda L. 
Md., D. C«, 
Va., Ga. 
P. virginiana Mill. 
M. macrocicatrices Richards Ontario, Quebec, 
New Brunswick, 
Nova Scotia 
P. strobus L. 
M. monophvllae McKenzie Cal. P. monophvlla Torr. 
& Frem. 
P. edulis Engelm. 
M. pauciciatrices Morrison Mont. P. flexilis James 
Cal., Ore. P. lambertiana Dougl. 
Cal. P. monticola Dougl. 
M. resinosae Bean & Godwin Conn., N. J., 
N. Y. 
P. resinosa Ait. 
Conn. P. thunbereii Pari. 
M. secretus Morrison Aria., Cal., 
Col., N. M., 
Nev., Mexico 
P. ponderosa Laws. 
M. subdegeneratus Morrison Dominican 
Republic 
P. occidentalis 
(cubensis) Griseb 
- 12 - 
TABLE 1. (contd.) 
Matsucoccus species Distribution Pinus hosts 
M, vexillorum Morrison A riz•, N. M., 
Cal., Nev., 
Col. 
p. ponderosa Laws. 
B. WESTERN PALAEARCTIC 
M- boratvnskii Borkhsenius Russia P. 8p. 
M, fevtaudi Ducasse France P. maritima Mill. 
M.. josephi Bodenheimer & 
Harpaz 
Israel P. halepensis Mill. 
M. pini (Green) England P. svlvestris L. 
C. EASTERN ASIA 
M. matsumurae (Kuwana) Japan P. thunbergii Pari. 
M.. sinensis Chen China jP. yunnanensis Franch. 
M. yunnanensis Ferris China P. yunnanensis Franch. 
Many North American species of Matsucoccus have been iden¬ 
tified, in part, by their feeding habits, and are arranged accordingly 
to show variations or similarities in feeding sited by species (Table 2). 
TABLE 2. North American Species of Matsucoccus and their 
Feeding Sites 
Matsucoccus species Feeding Site on Host 
Found on exposed portion of needles 
in region of needle sheath. 
In cracks and crevices in heavy 
bark of host. 
Completely concealed till maturity 
between sheath and needles at base 
of needle bundle. 
M. acalvptus Herbert 
M. alabamae Morrison 
M. bisetosus Morrison 
M. californicus Morrison 
M. degeneratus Morrison 
- 13 - 
TABLE 2. (contd.) 
% 
Matsucoccus species 
M. eduli Morrison 
M. fasciculensis Herbert 
M. gallicolus Morrison 
M. macrocicatrices Richards 
M. monophyllae McKenzie 
M. paucicatrices Morrison 
i 
M, resinosae Bean & Godwin 
M. secretus Morrison 
M. subdegeneratus Morrison 
M. vexiilorum Morrison 
Feeding Site on Host 
Deeply imbedded in the axils of 
small branches. Gum exudations 
indicate scale's presence. 
Found between one and two year 
needles at point where they emerge 
from needle sheath. Occasionally 
within fascicular bundle. 
In small pustule galls on young 
twigs of host. 
Associated with fungus, Septobasidium 
pinicola Snell on bark of trunk, 
rarely on branches. 
Found in angle formed by twig and 
needle bundle, in needle sheath, and 
beneath bark scales on stem. 
On bark of young twigs in angle 
formed by needle bundle and twig. 
Under bark flakes on trunk and 
branches, in bark cracks and 
crevices, and in needle sheath. 
; . • 
Characteristically secreted deeply 
within bundle sheath at base of 
needle bundle. 
Imbedded sheath around base of 
needle. 
Found on twig in angle formed by 
twig and needle bundle. 
The information presented in the preceding tables was taken 
largely from the following: Bean and Godwin (1955), Bodenheimer and 
Neumark (1955), Herbert (1919, 1921), McKenzie (1941, 1942, 1943), 
Morrison (1927, 1928), Parr (1939), and Watson, Underwood, and 
Reid (i960). 
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DESCRIPTION OF M. RESINOSAE 
The following descriptions of each stage in the life cycle of 
M. resinosae are based in part on observations of this author and in 
part on the original description of Bean and Godwin (1955). 
Egg 
The egg is elongate-ovoid, approximately 0.20 mm in length, 
and 0.16 mm in width. It is bright yellow in color with a smooth and 
shiny outer surface. The egg turns to an amber yellow as the embryo 
develops. All eggs are enclosed in large, white, loosely woven ovisacs 
(Fig. 3). During oviposition the female covers each egg as it is laid 
with a white, waxy filament. 
First-Stage Larva 
For reasons of clarity and ease of description this stage is 
separated into a neonate crawler (motile) form and a sessile (non- 
motile) form. 
Neonate crawler: The body of the crawler is approximately 0.4 mm 
O 
long and 0.2 mm wide, long ovoid, and tapering strongly anteriorly. 
The eyes are hemispherically protruding and dark, making them very 
prominent against the yellow background of the body. The derm is 
membranous. The antennae are nearly contiguous at the anterior apex 
of the head and are six-segmented. 
Sessile Form: Soon after the crawler inserts its stylet and begins 
feeding a gradual change in its shape and size takes place. At this 
time the body is about 0. 3 mm to 0. 5 mm long and a peripheral edging 
of wax appears along the posterior margin, eventually covering the 
abdomen. The cephalo-thoracic area gradually swells, giving the scale 
Fig. 3 - Ovisac - 10X 
Note - body of adult female 
has been exposed. 
4 - Sessile forms of first-stage larvae 
showing edging of wax - 10X 
Note - individual (arrow) that is 
molting. 
I • • 
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Fig. 5 - Intermediate male larva (top) - 10X 
- Intermediate female larva (bottom) - 10X 
Fig. 7 - Male cocoon - 10X 
Fig. 6 - Preadult male (right) - 5X 
Fig. 8 - Adult male - 10X 
PLATE I 
a pear shape (Fig. 4). The actual shape is, however, often deter¬ 
mined by the niche in which the first*stage larva is found. The eyes, 
antennae and legs are readily discernible throughout most of this stage. 
Intermediate Larval Stage 
Female: The body of the intermediate female larva is characteris¬ 
tically stout, elliptical or nearly spherical in shape, nearly 2.0 mm 
long. The derm is somewhat sclerorized but does not exhibit any 
recognizable pattern (Fig. 5). The color is amber-yellow. The legs 
and antennae are entirely absent. 
Male: The intermediate male larva is somewhat stout, elliptical-ovoid 
in shape, tapering somewhat posteriorly (Fig. 5). It is generally 
similar to the intermediate female larva, but is smaller in size and not 
so spherical. Frequently, the derm of the male larva becomes dark 
with age. 
Preadult Male 
The preadult male is quite similar to the adult female but some¬ 
what smaller (Fig. 6). Bean & Godwin (1955) noted the antennae and 
legs to be alike in all respects. The derm may vary in color from 
light to reddish brown. Unlike the female, the preadult male must go 
through one more transitional stage. 
Male Prepupa 
The male prepupa is found within a loosely spun cocoon and 
resembles the preadult male. The eye spots may be somewhat more 
pronounced. Also, the wing evaginations and rudimentary rostrum are 
discernible. 
Male Pupa 
An intracocoon molt occurs within 4-5 days and the skin of the 
prepupa is shed and pushed backwards, remaining connected with the 
caudal end of the pupa. At this stage the primordia of most of the 
organs of the adult male are recognizable. These include the antennae, 
compound eyes, legs, wings, stylet, and the organ which presumably 
secretes the caudal, waxy filaments characteristic of the adult male. 
Male Cocoon 
The cocoon is elongate-cylindrical approximately 2.0 mm long 
and 1.0 mm wide. It is composed of loosely woven, white filaments 
(Fig. 7). The cast prepupal skin is clearly visible within the cocoon 
following adult emergence. 
Adult 
Female: The adult females range from 2.0 mm to 5.0 mm in length, 
the average being about 4.25 mm. The body is strongly elongate- 
ovoid, brownish red and wingless, approximately 2. 5 mm wide and 
O 
characteristically widest behind the middle of the abdomen (Fig. 6). 
The derm is membranous though densely stippled throughout. The 
mouthparts are vestigial or much reduced. The eyes are small, sub- 
hemispherical, and located in the center of a flattened cone. In the 
original description of the species (Bean and Godwin, 1955), antennae 
are given as characteristic of the genus. There are nine antennal seg¬ 
ments with a pair of sensory setae on each of the four terminal seg¬ 
ments. The legs are likewise characteristic of the genus as are the 
spiracles and derm pores. The genital opening is located at the base 
of a shallow verticle cleft at the posterior apex of the abdomen; 
17 - 
usually it is obscured by dermal folds. 
Male: The adult male is two-winged, black, and midge-like in appear¬ 
ance (Fig. 8). Bean & Godwin (1955) state that it is practically iden¬ 
tical in appearance with this stage of the genotype M. matsumurae (Kw.). 
It is approximately 1.0 mm in length. Its lege and nine-segmented 
antennae are long and slender and transversely striated. The adult male 
is easily identified by a characteristic wing venation and the prominent 
caudal brush at the end of the abdomen. This brush is composed of 
several long, white, waxy filaments projecting posteriorly. 
BIONOMICS 
METHODS AND PROCEDURES 
The Study Plots: Five study plots were established containing ten trees 
each. Two of the plots were located at Easton, Connecticut, and three 
■ . - - if o 
at Stamford, Connecticut. The two widely separated areas were chosen 
for the current study because each represented a different history of 
infestation. M. resinosae was discovered in Easton in 1946, but it was 
not found in Stamford until 12 years later. 
The Sample Tree: In each study plot, the ten sample trees were classi¬ 
fied on the basis of visible injury in order to determine if some measur¬ 
able correlation of damage with the actual numbers of scales present 
could be shown. The classification system was necessarily simple; it 
was based on the characteristic succession of foliar color changes, 
as follows: 
18 - 
Damage Class Injury Symptoms ^ 
A Normal crown with no visible 
color change in foliage (Fig. 9). 
B Strong yellowish brown to strong 
brown colored foliage in lower one- 
third of crown, but confined to an 
occasional branch (Fig. 10). 
C Strong brown colored foliage through¬ 
out much of lower one-third of 
crown (Fig. 11), 
B Strong brown colored foliage visible 
in lower two-thirds of crown (Fig. 12). 
E Strong brown colored foliage on an 
occasional branch in upper one-third 
of crown, lower two-thirds dead 
(Fig. 13). 
F Entire crown dead (Fig. 14). 
Gradations in the degree of injury within damage classes were 
indicated by (4) or (-), a more severe condition being represented by 
<*). one less severe by (-). 
Sampling Technique: - Weekly collections were made from each sample 
tree, from mid-crown level, beginning June 1, 1960 and extending into 
October. Sampling for the insect at one level reduced variation due to 
varied population densities between crown levels. Monthly collections 
were made in April and May, 1961. Weekly collections were resumed 
in June, 1961. 
The sampling unit was that portion of a branch comprising the 
last five year's growth. These twig samples were brought into the 
3) Based on Munsell notations and 1SCC-NBS standards of designating 
colors. 
PLATE II 
Fig. 10 - Dan age Class B Fig. 9 - Damage Class A 
Fig. 11 - Damage Class C Fig. 12 - Damage Class D 
PLATE HI 
Fig. 13- Damage Class E 
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laboratory and examined under low magnification. For ease in handling 
during the motile stages of the insect the internodes were transported 
in quart mason jars into which had been placed a swab of cotton sat¬ 
urated with ether. Counts of the number of scales present in each 
stage of development were recorded for one inch of the internode taken 
at mid point, and for one inch of nodal area (one-half inch on each side 
of the node). Simultaneously, the numbers of the various predators 
present were recorded. Whenever the internode being examined was 
less than two inches, the node area was examined as described and the 
remaining area was counted as the internode. Each bark scale and 
flake was removed to reveal the insect beneath. The fascicle sheath 
also was dissected because scales were found in this area. 
All data were converted to numbers per square centimeter of 
bark surface examined and are summarised in Tables 20 - 131, of the 
Appendix. The data that appear in these tables represent the level of 
peak abundance for each stage of development. 
The quadrant sum test (Wilcoxon, 1949) was used to determine 
the significance of correlation in development between corresponding 
stages of each generation. These tests are presented graphically in 
Figs. 23-27. 
Whole-Tree Sample: Two trees were examined during the winter of 
1960-61 to obtain information on the distribution of the scales on a 
tree. One tree was selected from the area of Plot 2, Easton, an area 
having a rather long history of infestation, and one in which the scale 
population is currently at a low ebb. This tree had a diameter of 3.4 
m 20 — 
inches, a height of 19 feet, and a crown length of 11 feet. At the time 
of sampling, injury was limited to scattered dead tips representing the 
current season’s growth. The second tree, located at Laurel Reser¬ 
voir, Stamford, represented a more recent history of attack. It had 
a diameter of 6.6 inches, a height of 39 feet, and a crown length of 
18,7 feet. When sampled the visible symptoms of attack were con¬ 
fined to an occasional branch in the lower part of the crown. 
Essentially, the same procedure was employed in examining 
and counting as was followed in handling the plot trees, but in this 
instance every year's growth was examined including that of the main 
stem. The numbers of first-stage larvae (overwintering stage) on 
the branches were recorded for each one inch of internode and one inch 
of node area. The size of the sample was increased to two inches on 
each internode and at each node along the main stem of the tree. The 
data accumulated through this part of the study were summarized and 
are presented in Tables 13-15. 
DESCRIPTION OF PLOTS 
Plot 1: Plot 1 is located in Easton, Conn., north of the Merritt Park¬ 
way on a narrow, flat strip of land between the Black Rock Turnpike 
(Route #58) and the west shore of Aspetuck Reservoir (Fig. 15), This 
location is at 41° 14' 30” north latitude and 73° 19* 30” west longitude. 
The area is approximately 3.0 miles north of the first recorded site of 
the insect (Plumb 1950). The elevation is 240 feet. A short distance 
west of the plot a ridge rises abruptly to an elevation of 350 feet. 
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On the east side of the reservoir the increase in elevation is more 
gradual. 
Complete climatological data are not available for this area. 
The nearest weather station is at Stratford about 15 miles southeast. 
Because it is at sea level near Long Island Sound its weather records 
do not represent conditions at Easton. The records presented in 
Table 3 show that there was a difference of 7° to 32° F between the 
two areas in January and February, 1961. 
Daily minimum air temperature readings were recorded by 
D. F. Hubbell, Bridgeport Hydraulic Company, for the vicinity of 
Plot 1 during the period January 21 - February 8, 1961. They are pre¬ 
sented in Fig. 16 with comparable minima obtained at Stamford. The 
mean minimum temperature at Easton for this period was -10. 37F. 
M. resinosae is believed to have become established in this 
plot and in Plot 2 in the early 1950's. 
Plot 2: Plot 2 is also located in Easton, Conn. 3. 5 miles east of Plot 1 
at 41° 14‘ 10M latitude and 73° 15* 10” west longitude. It is 4100 feet 
south of the dam at the Easton Lake Reservoir and about 200 yards east 
of Park Avenue (Fig. 15). The elevation is approximately 200 feet. 
The site is well drained and it has a southern exposure. 
Climatological data are lacking; however, as the plot is located 
relatively near Plot 1, the air temperatures of the two areas are 
assumed to be similar. 
Plot 3: This plot is located in North Stamford, Conn, on the west shore 
of Laurel Reservoir (Fig. 15) at approximately 41° 10* north latitude 
TABLE 3. Daily Minimum Air Temperatures for Easton, Stamford, 
and Stratford, Conn., January 21 - February 8, 1961 
Temperature - Fahrenheit 
Pate Easton Stamford Stratford 
1/21 -25 -17 0 
1/22 -24 -18 -1 
1/23 -16 —10 6 
1/24 -14 -7 8 
1/25 -21 -12 2 
1/26 0 -8 8 
1/27 -4 8 9 
1/28 -16 -13 5 
1/29 -12 -9 8 
1/30 -10 -6 12 
1/31 -4 -1 13 
2/1 -10 5 0 
2/2 -10 -11 -3 
2/3 -8 -7 3 
2/4 -6 -1 26 
2/5 -4 16 IS 
2/6 -4 -1 14 
2/7 -5 -4 14 
2/8 -4 2 13 
Mean -10.37 -4.95 8.16 
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Fig. 16 - Daily Minimum Air Temperatures for Easton and 
Stamford, Conn., January 21 - February 8, 1961. 
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and 73° 22” west longitude. The elevation is about 300 feet. Plot 3 
is located approximately 3. 5 miles north of the area where the scale 
insect was first recorded in Stamford and 20 miles west of the site in 
Easton where JM. resinoeae was found in 1946 by Plumb. The area 
slopes gradually and it has an east-northeast exposure. 
Daily temperature records show that no appreciable variation 
in air temperature occurred between the general area of Laurel Reser¬ 
voir and that of the Stamford Museum and Weather Station 3. 5 miles 
to the south. Therefore, data from the climatological summaries of 
that Weather Station are used in this treatise. The daily maxima and 
minima for the months of December - February, 1960-'6l are pre¬ 
sented in Fig. 17. The mean minimum temperature for the area during 
January 21 - February 8, 1961 was -4.95°F. Of the last ten years, 
the winter of 1960-61 was the coldest. The prevailing wind for Plot 3 
is from the NNW. 
- • - O 
M. resinosae was first recorded at Laurel Reservoir in 1959. 
Apparently this insect became established in the general area of Plot 3 
and Plot 5 on trees near the dam (Fig. 18) and then moved outward from 
this spot. These particular trees were dead in I960. Those nearest 
this center of original infestation were in a more advanced state of 
decline, while a tree such as #8 of Plot 5, which is on the periphery, 
showed the least amount of injury and had the lightest scale population 
(Tables 11 - 12). 
Plot 4: Plot 4 is located a short distance southwest of Plots 3 and 5. 
The data in Table 10 indicate that resinosae is just beginning to 
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become established in this area. Because of the light population in 
June* 1960, and limited personnel for gathering quantitative data, no 
further examination was made of the trees in Plot 4 until June, 1961. 
Plot 5: Plot 5 is located north-northwest of Plot 3 (Fig. 18). Its 
geographical description and climatology are similar to that of Plots 
3 and 4. 
DESCRIPTION OF SAMPLE TREES 
The trees in Plots 1 and 2 were planted about 1920 and 1930 
respectively; those in Plots 3-5 were set out about 1924. Of all the 
trees, those in Plot 2 appear to be the least vigorous. In all prob¬ 
ability this reduced vigor can be attributed to a poor growing site. 
The trees in Plots 3 and 4 are larger in diameter at breaBt height 
(DBH) and have a greater crown ratio than those of Plot 5. These 
variations are due to less crowding and better site conditions. 
The diameter, height, crown class, length of crown, and dam¬ 
age classification of each sample tree, and also the number of scales 
found in each generation are presented in Tables 4-12. There was a 
noticeable reduction in scale populations on the trees of Plots 1, 3, 
and 5 between June, I960 and June, 1961. An increase was observed 
on the trees of Plot 4 for this same period. 
A condition was observed on all trees in Plot 2 and on a few 
trees in Plot 1 in which the current season's growth on an occasional 
branch had turned brick red. The rest of the branch appeared normal. 
There is evidence to indicate that this condition has prevailed in Plot 2 
for the last three seasons at least. 
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LIFE HISTORY 
Schematic illustrations of the life cycle and development of 
the two sexes of M^. resinosae are presented in Figs. 19-20. 
Although development follows closely the schedule given by 
Bean & Godwin (1955), the corresponding stages in the life cycle 
appeared somewhat later. Perhaps this variation should be expected 
as it would be erroneous to assume that development of the two gen¬ 
erations in 1960-61 to be uniform and contemporaneous with those of 
a decade ago, or in any two successive years for that matter. 
Development between the Stamford and Easton areas in 1960 was 
found to differ by as much as two and one-half weeks. In Stamford, 
ovisacs of the summer generation appeared 18 days before they were 
recorded in the Easton area. The date of peak ovisac abundance in the 
two locations differed by 13 days. This apparent lag in development 
might be correlated with differences in age of infestation and physical 
condition of host, but until additional data are accumulated to support 
this theory, it would be unwise to disregard the known influence exerted 
by the physical factors of the environment. 
Egg: Eggs of the summer generation first appear about mid-May; those 
of the overwintering generation appear in early August. Peak abun¬ 
dance occurs approximately three weeks later. The eggs are laid in 
a white, loosely woven ovisac found either in bark cracks or crevices, 
or under loose flakes of bark on the internode or at the node. Eclosion 
occurs in about two weeks. The dark embryonic eyespots are visible 
within the egg two to three days prior to eclosion. 
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• Egg 
10-14 
First-Stage Larva 
^Neonate Crawler to Sessile Form), 
45-50 
230-265 
Intermediate Female Larva 
21-24 
Adult Female 
45-50 - Summer Generation 
230-265 - Overwintering Generation 
Intermediate Male Larva 
10-14 
Preadult Male 
Prepupa 
Pupa 
Adult Male 
7- 10 
o 
Fig. 20* Schematic Diagram of the Two Sexes ofJM. resinosae 
with Approximate Number of Cays for Each Stage. 
i 
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Neonate Crawler: Direct observations indicated that the newly hatched 
larva of M, resinosae does not move about for any appreciable length 
of time, but rather tends to crawl under a bark scale or into a crack or 
crevice soon after hatching. Settled crawlers were observed simulta- 
neously with the hatching of the first ovisac. Frequently, crawlers were 
found to congregate. It is not unusual for a hundred or more to com¬ 
pete for space and food under a single bark scale. In such instances, 
mortality is high as only a comparatively few are successful in becom¬ 
ing established. 
Crawlers seem to disperse farthest upward on the main stem of 
the tree. The lack of much downward movement suggests either a neg¬ 
ative geotactic response or a positive response to light. As the crawler 
becomes settled, the stylet is inserted into the succulent tissue of the 
inner bark (phloem) and feeding commences. Once established, the 
crawler will die if disturbed. 
Sessile Form: Soon after a crawler has settled and feeding begins a 
white fringe of wax appears posteriorly. The presence of this wax 
served to differentiate the sessile form from the settled but non-estab- 
lished neonate crawler. 
The period of time for which the insect remains sessile varies. 
Bean & Godwin (1955) reported a range of 45-50 days for the summer 
generation, and from 230-265 days for the overwintering brood. A 
state of dormancy occurs during this stage of the overwintering genera¬ 
tion. Growth and activity are resumed in early spring and the inter¬ 
mediate larval stage begins to appear by late April. Often the sessile 
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form is found in June and July, overlapping with the crawler stage 
of the next (summer) generation* Similarly, the sessile form of the 
summer generation is found over an extended period, as late as Octo¬ 
ber. However, the majority reach maturity by mid-August. 
Intermediate Larval Stage: In transforming from the first-stage larva 
to the intermediate larval stage, the derm splits anteriorly and lon¬ 
gitudinally along the mid-dorsal and mid-ventral lines. It slips back¬ 
wards and sideways, eventually encircling the posterior part of the 
body. The legs and antennae are lost during this molt and the result¬ 
ing apodous form is termed the intermediate larva. 
The body of the intermediate larva is stoutly ovoid and fre¬ 
quently shaped to the contour of the niche in which it is found. The 
derm at first is soft and membranous, later becoming hard and mod¬ 
erately sclerotized. The scale's rapid growth during this stage indi¬ 
cates a considerable amount of feeding. 
The male intermediate larva develops within 10-14 days; the 
female takes slightly longer. It is not known just when feeding term¬ 
inates. A number of what were believed to be fully developed male 
and female intermediate larvae were removed in situ from the twigs 
and placed in shell vials. Not a single preadult male nor adult female 
emerged, indicating perhaps that ingestion, or egestion, or both con¬ 
tinues until the transformation is actually started. If disturbed before 
this transformation, the insect dies. 
When mature, the female intermediate larva is nearly globu¬ 
lar with a dark, leathery skin; the male is more oblong and noticeably 
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smaller. The female's greatly expanded size forces it out of the 
niche, simultaneously loosening the hark. At this stage it appears 
as an amorphous globule of dark colored varnish. The stylet, its 
only means of attachment to the host, becomes very brittle and breaks 
easily. 
Intermediate larvae of the summer generation begin to appear 
about mid-July, reach a peak by mid-August, and become less numer¬ 
ous in September and October. Those of the overwintering generation 
reach peak abundance about mid-May. Occasionally, an intermediate 
larva of this generation is found in June and in early July overlapping 
the summer brood. 
Adult Female and Preadult Male; At full development, the derm of 
the intermediate larval stage splits and either an adult female or a 
preadult male emerges. These motile forms, through expansion and 
contraction of the abdominal segments and aided by their legs, back 
out of the opening in the derm. They are similar in appearance except 
for a difference in size and a slight variation in color. Frequently, an 
adult female is mated (if adult males are present) while in the process 
of emerging. 
The adult female is active and may crawl a considerable dis¬ 
tance over the bark surface, continually investigating cracks and crev¬ 
ices until a suitable niche is found. This may be under a flake of bark 
or in any crack or crevice. Frequently, an adult female will settle 
at the node among male cocoons or adult males, but mating is not 
restricted to these sites. Once the female finds a suitable niche she 
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wedges her head and thorax into the deepest part and affixes herself 
firmly with her claws. Shortly thereafter, waxy filaments are exuded 
from the abdominal wax pores, forming a loosely woven ovisac that 
eventually becomes spherical. The duration of oviposiiion may vary, 
but it usually takes three to four days for a female to lay her quota. 
When oviposition is completed, the female is either dead or nearly 
so, and her body is greatly shriveled. 
Adult females of the summer generation begin to appear early 
in August, becoming most numerous the latter part of the month. 
Those of the overwintering generation first appear in mid-May and 
reach peak abundance early in June. 
Heavy rain showers on May 23-24, I960, were observed to 
have a regulatory effect on the movement of adult females prior to 
oviposition. There was no noticeable activity during the period of 
precipitation, but following clearing in the early morning of May 25 
numerous adult females were observed crawling about on the under¬ 
side of the branches. The amount of movement by the adult female 
undoubtedly affects the degree of control obtained by external sprays. 
Preadult males emerge before the adult females and pass 
through another transitional period before becoming adults. Those 
of the summer generation begin to appear the latter part of July and 
become abundant the first two weeks in August. Preadults of the 
overwintering generation appear early in May and reach peak abun¬ 
dance two to three weeks later. Preaduit males also are very active 
and crawl about over the twigs in search of a location to spin their 
29 
cocoons. They congregate in the region of the node usually on the 
underside of the branch. 
( V 
Male Cocoon: The preadult male spins a white, spindle-shaped co¬ 
coon soon after emergence. These cocoons usually are found clus¬ 
tered externally on the underside of a branch at the node. When an 
infestation is heavy these clusters of white cocoons are very con¬ 
spicuous (Fig. 21). 
Male cocoons of the summer generation begin to appear late 
in July and become most numerous by mid-August. Those of the over¬ 
wintering generation begin forming about mid-May and reach their 
peak of abundance early in June. 
Adult Male: The adult male emerges in about seven to ten days fol¬ 
lowing formation of the cocoon. Emergence coincides with that of the 
adult female. Although winged, the male has been observed only to 
crawl about in search of adult females. There have been no indica¬ 
tions that the adult male is capable of flight. Death occurs soon after 
copulation. 
Fig. 21 - Male Cocoons Clustered on Bark of Red Pine 
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DISPERSAL 
The red pine scale, JML resinosae. must depend on air move¬ 
ment and other means for interarea dispersal. Within areas, the loc¬ 
omotor migration of crawlers and wingless adult females appears to 
be limited to the individual tree or to adjacent trees whose branches 
may touch. The different stages may also be dispersed within a stand 
by wind and by the activities of birds and mammals. Flakes of bark 
dislodged by a nuthatch and a red squirrel were observed to harbor 
ovisacs. Some fell to the ground directly beneath the trees while 
others drifted some twenty to thirty feet. Conceivably, other stages 
could be carried about in a similar manner. 
Populations of M_. resinosae appear to be less dense as one 
travels outward from the locus of original infestation. Undoubtedly, 
these differences are correlated with age of infestation and rate of dis¬ 
persal. 
Birds and squirrels have been suspected of carrying the craw¬ 
ler stage on their bodies. To date, there are no data to support this 
suspicion but there is circumstantial evidence to implicate man and 
all inhabitants of the forest. 
Sufficient data have been accumulated to show that wind can 
play an important role in carrying wingless forms of insects from one 
area to another. The importance of the vertical component in a sudden 
gust of wind in lifting wingless forms from tree tops and turning them 
airborne, and the role of a turbulent friction zone in long-distance 
horizontal transport have been discussed by Wellington (1945). 
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Rabkin and Lejeune (1954) found that nymphs of Toumeyella 
numismaticum (Pettit and McDaniels) may be carried for distances 
up to three miles. Bodenheimer & Neumark (1955) expressed little 
doubt that the wind is the main natural agent carrying M.. iosephi into 
new areas. Also, they proposed the possibility of pine pollen borne 
by the wind acting as a carrier of the crawlers. Crawlers of M. 
resinoaae were found by Bean ' to be wind borne for distances up to 
one-half mile. 
Why infestations of M,. resinosae have a history of first appear¬ 
ing either along well traveled roads, or in the proximity of parking 
areas has been most intriguing. An effort was made to determine 
if any significance might possibly be attached to the automobile in 
explaining this phenomenon. 
On August 24, I960 a station wagon was parked under infested 
plot trees for one-half hour. A north-northeast wind was recorded 
blowing at 15-20 MPH. At the end of the allotted time the surface of 
the car was examined and the following stages of _M. resinosae were 
observed: 
8 adult males 
6 adult females 
4 male cocoons 
1 ovisac under a flake of bark. 
The car was driven 3. 7 miles at speeds up to 45 MPH and 
then re-examined. One adult female, one adult male and the one 
4) Unpublished data, 1952. 
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ovisac were found in the groove along the edge of the roof. 
The observation was repeated on August 26. The car was 
parked in exactly the same spot but on this date there was no notice¬ 
able wind movement. At the end of one-half hour the following stages 
were found on the car surface. 
26 adult males 
6 adult females 
1 ovisac 
After traveling the 3. 7 miles at speeds up to 55 MPH the car 
was again examined. One adult female and four adult males were 
recovered. 
The observation was again repeated on September 7, I960. 
Ten crawlers were observed on the car roof prior to leaving the area 
and four were recovered after traveling the 3.7 miles. 
Conceivably, a larger number of individuals could be carried 
on a truck or perhaps a car with a cloth top. 
Sufficient evidence is presented in this treatise to indicate that 
the insect spreads very slowly. This does not imply, however, that 
M. resinosae might never become dispersed and established with in¬ 
creased rapidity. Should the automobile be one of the primary modes 
of spread one can expect the area of known infestation ten years hence 
to increase two or even three fold over that of the last decade. As 
the area of infestation and the number of motor vehicles increase 
there would be a proportionate increase in the number of vehicles ex¬ 
posed and a corresponding acceleration in spread. 
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EFFECT ON HOST 
Severity of initial build up by the red pine scale does not appear 
to be correlated with tree vigor. Populations of the scale were ob¬ 
served to increase rapidly on vigorously growing trees until a certain 
level of cell necrosis was reached. Then, either population growth 
was retarded or the population was greatly reduced or both. 
The effects of feeding by this insect may be grouped under two 
categories, morphological and histological. A brief discussion of each 
follows. 
Morphological effects: The visible foliar symptom.*- indicative of 
feeding by jM. resinosae have been arranged according to Munsell 
notations (1932) and ISCC-NES Standards (1935) of designating colors. 
Unfortunately, from the standpoint of early detection, these symptoms 
do not appear until a high population density has been reached. 
The first evidence of attack is a moderate yellow green color 
of the current year(8 growth. The needles on this growth fail to de¬ 
velop normally resulting in a much shortened needle. This appear¬ 
ance is in sharp contrast to the moderate olive green color and length 
of normal foliage. At the outset, this color variation and subnormal 
growth may not occur over the entire crown, but only on an occa¬ 
sional low branch. As the population increases and becomes more 
generally distributed on a branch and feeding becomes more intensi¬ 
fied, the color of existing foliage changes and becomes a strong yellow 
green. The one and two-year needles on a brarch under heavy attack 
often take on a strong yellowish brown color by fall. Such a branch 
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dries out during the winter months and the color of the foliage be¬ 
comes a strong brown. The rapidity with which these foliage color 
changes occur is proportional to the degree of infestation and rate of 
twig desiccation. 
In some areas of old infestations, the scale population seems 
to be confined primarily to the most recent three years' growth, pre¬ 
sumably as a result of host reaction and predators. The current sea¬ 
son's foliage on individual branches of trees in Plot 2 appeared off¬ 
color in July, 1960 and had died by the end of August. The rest of 
the foliage on these same branches remained green and healthy. As 
evidenced by dead tips this condition also prevailed on certain branches 
in 1959 and 1958. In Plots 3 and 5 where the population in I960 was 
considerably higher than in Plot 2, and more generally distributed 
on a branch, injury was not confined to the terminal growth. Rather, 
branches displaying the strong yellow green color of the current sea¬ 
son's growth in late summer became totally strong brown by the fol¬ 
lowing spring. In general, the whole tree is often killed so quickly 
that little or no stunting or change in form occurs. 
The rapidity with which damage may be inflicted during a 
single season, once a heavy scale population becomes distributed gen¬ 
erally throughout the crown, is illustrated by tree No. 10, Plot 3 
shown in Fig. 22. In June, I960 only two branches showed any evi¬ 
dence of attack. These were in the lower crown and are identified 
by the pieces of white cloth. However, by June, 1961 only the term¬ 
inal part of the upper crown showed green foliage; by September the 
PLATE IV 
Fig. 22 - Tree No. 10, Plot 3 • June, 1961 
Only two branches (white cloth) 
were dead in June, I960. 
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entire crown was dead. 
Histological effects: Feeding by the sessile larval and intermediate 
larval stages of _M. resinosae causes a necrosis of cells in the phloem 
beneath the insect. The extent and frequency of these necrotic areas 
is proportional to the number of scales present. These are&s tend to 
coalesce at high population levels interrupting the translocation of 
food materials in the phloem. Cambial activity is often disrupted 
whenever necrosis is extensive, and girdling results. When this hap¬ 
pens complete desiccation of the branch occurs during the winter. It 
is apparent that the area of necrotic tissue resulting from a light to 
moderate attack is not enough to girdle the stem and cause extensive 
death. A thin layer of cork-like tissue is produced the following 
spring around these areas. 
There has been much speculation about the factors responsible 
for necrosis induced by this and other species of the genus Matsucoccus 
and the resulting foliar symptoms. McKenzie (1948) suggests that 
something more than cambial girdling is necessary to cause the 
"flagging” associated with JM. vexillorum attack on Pinua ponderosa. 
Bodenheimer and Neumark (1955), in working with M_. iosephi, ex¬ 
pressed little doubt that the main effect is caused by the poisonous 
spittle produced by this insect. Plumb (1950) observed needles of 
trees infested with M,. resinosae to become brick red in color at death 
as compared to a deep straw yellow if they die normally. He attri¬ 
buted necrosis to a withdrawal of the cell contents during feeding, or 
to a simultaneous injection of a toxic material, but probably to a 
- 36 - 
combination of both factors. 
If a toxin is produced by the red pine scale and injected into 
the tree during feeding, translocation of this material is apparently 
limited. The more or less irregular pattern of branch mortality and 
the step-like progress of symptoms over the live crown of a tree 
strongly indicate a localised action. However, there may be an accu¬ 
mulation or concentration of such a toxicant in the main stem, or in 
the roots, as branch mortality increases, so that the tree processes 
are slowed down and then cut off completely. Certainly a detailed 
histological study is needed to answer this question. 
POPULATION DYNAMICS 
Populations of JVL resinosae were found to vary between areas, 
between trees in the same area, and within individual trees. Preiim- 
5) 
inary studies by Bean indicated that the greatest proportion of scales 
on a tree was found on the second and third year-old growth. This was 
substantiated by further studies of Bean, and although the author has 
confirmed these observations, it has been determined that the site of 
heaviest scale population varies with age and degree of infestation 
(Tables 13-15). 
There was a noticeable difference in the population densities of 
succeeding generations in certain plots. This difference is apparently 
correlated with age of infestation. Data representing populations of 
5) Unpublished data. 
TABLE 13. First-Stage Larvae/CM^ of Bark for Whole Tree by 
Year's Growth - Easton, Conn., January, 1961 
Year's 
Growth 
Total Bark 
Area-cm^ 
Total No. 
lst-Stage Larvae 
No. 1 st-Staie 
Larvae/cm^ 
Main 
Stem Branches 
Main 
Stem Branches 
Main 
Stem Branches 
I960 0* 67.76 44 - .65 
1959 21.56 650.06 0 381 0 .59 
1958 23.93 1495.13 5 1680 .21 1.12 
1957 33.53 1898.73 2 1478 .06 .78 
1956 50.29 1896.76 0 365 0 .19 
1955 57.45 1347.54 0 169 0 .12 
1954 75.44 1381.03 2 165 .03 .12 
1953 130.86 1007.42 0 64 0 .06 
1952 151.59 1070.12 0 88 0 .08 
1951 167.54 866.40 0 48 0 .06 
1950 191.52 635.19 0 19 0 .03 
1949 217.02 393.89 1 10 .005 .02 
1948 232.97 234.03 1 6 . 004 .02 
1947 242.62 102.51 2 2 .008 .02 
1946 242.62 11.00 0 0 0 0 
1945 248.92 0 0 
1944 268.12 0 0 
1943 284.07 3 .01 
1942 274.52 6 .02 
1941 274.52 2 .007 
1940 293.62 0 0 
1939 308.05 i 1 .003 
1938 298.40 0 0 
1937 314.35 0 0 
1936 325.53 1 .003 
1935 325.53 3 .009 
1934 335.18 0 0 
1933 335.18 0 0 
1932 349.50 0 0 
* Dead 
TABLE 14. First-Stage Larvae/CM^ of Bark for Whole Tree by 
Yearfs Growth - Stamford. Conn., January, 1961 
Year's 
Growth 
Total Bark 
Area-cm2 
Total No. 
ist-Stas'® Larvae 
No. ist-Staee 
Larvae/cm^ 
Main 
Stem Branches 
Main 
Stem Branches 
Main 
Stem Branches 
I960 35.15 1163.24 0 68 0 .06 
1959 47.85 1450.09 0 407 0 .28 
1958 70.21 1887.25 56 603 .80 .32 
1957 108.51 2247.39 254 1049 2.34 .47 
1956 137.26 2209.19 201 1030 1.46 .47 
1955 188.37 1873.91 65 795 .34 .42 
1954 239.37 1261.44 47 280 .20 .22 
1953 268.12 753.90 50 88 .19 .12 
1952 306.42 400.98 19 12 .06 .03 
1951 340.56 71.78 7 0 .02 0 
1950 356.82 3 .008 
1949 381.10 3 .008 
1948 389.13 5 .01 
1947 405.38 3 .007 
1946 421.64 0 0 
1945 437.90 9 .02 
1944 445.92 16 .04 
1943 453.85 12 .03 
1942 470.20 12 .02 
1941 478.43 2 .004 
1940 502.72 0 0 
1939 527.00 1 .002 
1938 534.92 1 { .002 
1937 543.26 1 .002 
1936 567.54 1 .002 
1935 608.08 0 0 
2 TABLE 15. First-Stage Larvae/CM of Bark at Different Crown Levels* 
Larvae/cm^ 
Tree Upper Crown Mid Crown Lower Crown 
Easton .28 .30 .41 
Stamford .18 .38 .30 
* Based on whole-tree sample data presented in Tables 13 - 14. 
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the summer and overwintering generations for each plot have been 
summarized and are presented in Tables 104*131 of the Appendix. 
From these data it is apparent that the scale populations reached a 
levelling-off point in Plot 1, showed a decline in Plot 2, and dis¬ 
played a definite increase in Plot 3 and in Plot 5. These data also 
illustrate the variations found within trees and between trees. 
As anticipated, there was a high degree of correlation (sig¬ 
nificant above the 1% level) between the number of crawlers of the 
summer generation and that of the overwintering generation (Fig. 23). 
This correlation also prevailed between first-stage larvae of the two 
generations and the intermediate larval stages (Figs. 24-25). A 
similar correlation (significant at the 2% level) was found to exist 
between numbers of ovisacs (Fig. 26). There was no correlation be¬ 
tween the numbers of male cocoons (Fig. 27). This might be attrib¬ 
uted to the disruptive influence of density-independent factors or 
more directly to the disproportionate dispersal of the preadult males 
in the early spring. 
The mortality within a single generation normally is very high. 
It is determined primarily by physical factors, predators, and intra¬ 
specific competition. 
Extrinsic Factors 
Physical: The physical environment exerts certain density-independ¬ 
ent and density-dependent effects which influence populations of 
M. resinosae. The highest mortality occurs in the neonate crawler 
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stage. Once this stage is passed the mortality*rate of the summer 
generation gradually decreases during late spring and early summer. 
Following eclosion in late summer, the death-rate again climb6 
sharply. Mortality continues at a high level during the winter, becom¬ 
ing greatly reduced through the intermediate larval and adult stages in 
the spring. 
Of possible significance in bringing about the sharp population 
decline in late summer and early fall are the high temperatures and 
drought often associated with this period, and their direct effect on 
the host. When accompanied by drying winds this condition presents 
an interesting parallel with the spring hamsin of the eastern Mediter¬ 
ranean (Bodenheimer & Neumark, 1935). When hamsin conditions are 
present, there is a sharp rise in the osmotic pressure of plant cells 
accompanied by a reduction in water content. Scales are unable to 
extract either water or food, and consequently many of them soon die, 
the few survivors being found only on protected places on the plant. 
This sudden interruption of food and water supply, together with the 
associated high air temperatures, has been cited as the primary fac¬ 
tor responsible for the rapid reduction of_M. josephi populations in 
late spring. 
Attempts have been made to evaluate the effect of low winter 
temperatures on the overwintering first-stage larvae. Hartzell (1957) 
demonstrated that exposure to -10° to -29° F for four to seven hours 
killed over 90% of the overwintering population. Repeated exposures 
to -10° F killed 99%. Bata presented in Tables 16-19 suggest the 
low winter temperatures may have had an adverse effect on the over¬ 
wintering populations in the study plots. Nevertheless, a sufficient 
number of individuals still remained in some areas to maintain a 
damaging infestation level. Here, the advantage of the insect's bi- 
voltinism is very evident particularly when low lethal temperatures 
do not eliminate most of the population. Whereas low temperatures 
operate against only the overwintering generation, the summer gen¬ 
eration provides the biotic potential and impetus to offset such losses. 
It is perhaps a general biological truism that any factor operating 
only against alternate generations of an animal has little likelihood 
of truly regulating its population numbers. 
A percentage of the motile forms are lost through dispersal. 
Large numbers of these individuals are dispersed by wind or other 
agencies to areas not supporting the host, P. resinosa. Loss due to 
dispersion within an area is also possible as adult males and females, 
preadult males, neonate crawlers, and ovisacs have been observed 
in the forest litter beneath host trees. 
There is evidence to indicate that the physical condition of the 
host following attack is the most important factor in regulating popu¬ 
lations of M.. resinosae. A direct relationship exists between popu¬ 
lation density and the number of necrotic areas. A a more and more 
areas of tissue are killed, the number of favorable feeding sites is 
reduced until the twig can no longer support the entire crawler popu¬ 
lation of a succeeding generation. This induces competition for space 
and food resulting in starvation or desiccation and a sudden decline in 
40 - 
the population. This condition is similar to that described by Franz 
(1958) in which he found that the degeneration of bark cells after re¬ 
peated attacks prevented permanent infestations of Adelges piceae. 
Apparently the condition of bark, not the age of tree, determines 
whether or not M,. resinosae will become established. This situation 
differs from that of M. iosephi which is harmless to trees older than 
fifteen years (Bodenheimer & Neumark, 1955). A crawler of M. 
resinosae must have access to the succulent inner bark as apparently 
its stylet is unable to penetrate the tough, dead tissues of the outer 
bark. Usually, it settles in contact with the phloem under the pulvini 
or bark scales. Occasionally, a scale will develop within the fascicle 
sheath. 
Biotic: Certain species of insects, mites and spiders have been ob¬ 
served to prey on resinosae. For comparison, population trends 
of the four most abundant insect predators are presented in Fig. 28. 
O 
A small bright red anthocorid, Xenotracheliella inimica Drake 
& Harris (Hemiptera: Anthocoridae), was observed to be the most 
numerous and perhaps the most effective predator. It was most abun¬ 
dant in May and June, least in September (Fig. 28). There appears to 
be one generation annually. First stage nymphs appear by mid-May. 
Adult females are black and are present in the late summer and in the 
fall. The eggs are believed to be laid in the fall, overwinter on the 
tree, and hatch early in May. 
This anthocorid feeds on all stages of the scale, but seems to 
show a preference for the egg, first-stage larva, and adult female. 
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Frequently, an adult female is attacked while in the process of emerg¬ 
ing from the derm of the intermediate stage. The anthocorid nymph 
thrusts its rostrum into the female, sucks for awhile, then thrusts 
the rostrum into another part of the victim's body. The time it takes 
an anthocorid to kill a female and the number of females it may kill 
in a given time were not determined in the present study. However, 
Bodenheimer & Neumark (1955) have observed that two Anthocoris 
nemorum L. adults will consume one M.. josephi female within 24 
hours. They found also that a group of anthocorids feeding jointly on 
one female will completely remove the body contents in two to three 
hours. 
X. inimica nymphs are seldom found in daylight exposed on 
the surface of a twig. They seem to prefer the loose, flaky-type bark, 
and carry out their activities in concealment. This suggests a neg¬ 
ative phototropic response. The greater part of the anthocorid popu¬ 
lation in Plot 2 was found under the flaky bark of the 1955-57 growth 
while ovisacs of resinosae were confined to the terminal growth 
(Fig. 29). Ironically, the bark on the older growth, because of its 
flaky nature, is more suitable for oviposition. For this reason, one 
normally would expect to find more female scales and ovisacs in this 
region. The evidence reflects differential mortality on the various 
sections of growth, presumably due to predation by anthocorids. 
Of possible significance is the variation in numbers of antho- 
corida found in the Stamford and Easton areas which differ in age of 
infestation. Anthocorids were found earlier and in greater numbers 
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in the plots at Easton, the area of older infestation. The first nymphs 
were not recovered from sample trees in Stamford until late July, i960. 
By this time the peak of the anthocorid population had been reached in 
Plots 1 and 2. Anthocorids were not observed in any quantity in Plots 
3 and 5 until the spring of 1961 (Fig. 30). This study did not reveal 
whether this predator is already present in an area feeding on some 
other species of insect or if it comes in following the establishment of 
the red pine scale. 
A small orange colored cecidomyid larva was the next most 
abundant predator observed. Its peak of abundance and activity coin¬ 
cided with aM. resinosae egg production in late summer and early fall 
(Fig. 28). Usually, one larva was found in an ovisac but occasionally 
as many as four were observed feeding on the eggs within a single 
ovisac. An isolated, partially grown larva was found to be capable of 
destroying two ovisacs prior to pupation. Although primarily an egg 
predator, this insect also feeds on recently settled first-stage larvae. 
Larvae of a chrysopid (Chrysopa sp. near carnea) and of a 
hemerobiid (Hemerobius stigmatus Fitch) were observed preying on 
the adult females, eggs, and first-stage larvae of M. resinosae. 
Apparently these very motile and voracious predators are capable of 
destroying large numbers of scales. Bodenheimer & Neumark (1955) 
reported that one larva of C. carnea consumed 5, 000 to 7, 000 eggs of 
M. iosephi during its development. Another devoured thirteen adult 
females. 
The larvae of a coccinellid, Mulsantina picta (Rand.), feed on 
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all stages of M_. resinosae. Adults of another coccinellid, Scyniaas sp., 
were collected but were never observed feeding on the scale. Presum¬ 
ably, the larvae of this species feed on eggs, adult females, and first- 
stage larvae. 
/ 
A small black ant, Crematogaster cerasi (Fitch), has been re¬ 
ported as being common on scale-infested trees, attacking the crawler 
and adult female stages (Bean & Godwin, 1955). The importance of 
ants in the natural control of M. joaephi has been stressed by Boden- 
heimer and Neumark (1955). 
Mites of the genus Anvstis were observed feeding on the differ¬ 
ent stages of M, resinosae. These red-orange mites move swiftly 
over the twigs and branches. They are distinguished from other mites 
by their long, radiating, spider-like legs. A single mite was allowed 
to feed on the fluid exuding from the punctured derm of an intermed¬ 
iate-stage larva. The mite became so attracted to this fluid that gentle 
probing did not frighten it away. Once removed, the mite scurried 
about hysterically until the ruptured intermediate larva was again 
located. 
Spiders were found to tie adult male and female scales in their 
webs. Presumably, the motile forms of the scale are caught in this 
manner and fed upon. The following species of spiders were collected 
from red pine by Plumb in 1950 and reported by Bean & Godwin (1955): 
Pitvohyphantes phrygianus Koch, Theridion unimaculatum Emerton, 
Uloborua americanus Walckenaer, Metaphidippus proteruns Walckenaer. 
Nuthatches were observed feeding on the motile forms of the 
• 44 • 
scale. These birds also appeared to probe in the vicinity of ovisacs 
and male cocoons, but whether or not any of these stages were con¬ 
sumed was not determined. 
The biotic factors of natural control appear to be limited to the 
work of predators. The present study revealed no evidence of entomo- 
phagous parasites or pathogens. 
Intrinsic Factors 
There is some evidence to indicate that once the scale is intro¬ 
duced into an area it requires approximately 5 years until it becomes 
numerous enough to kill trees. The mechanics of population growth 
are still largely a matter of speculation and conjecture. Neverthe¬ 
less, an impression of the biotic potential of this insect can be gained 
through a brief discussion of intrinsic factors that influence the growth 
of a population. 
Two complete generations of the red pine scale occur annually. 
They have been referred to as the summer generation and the over¬ 
wintering generation. There is an overlap in development in late spring 
and early summer, and in late summer and early fall. As was indi¬ 
cated previously, this bivoltine character confers a real advantage to 
the species. 
The sex ratio, based on a count of 18, 737 adults, was 1.53 
males to 1 female. A preponderance of adult males is advantageous 
for successful mating, as their ability to fly is questionable. They 
crawl about over the twigs without making any obvious attempt to fly. 
- 45 - 
Little is known concerning fertility. It appears that a high 
percentage of the eggs in an ovisac are fertile. The few that do not 
produce scales may be accounted for in a number of ways, only one 
of which might be infertility. Unless a female has copulated, eggs 
are not laid. Isolated virgin females have been observed to produce 
a silken sac but die a few days later with the eggs still contained 
within the abdomen. 
There have been no indications of reproduction by partheno¬ 
genesis in JML resinosae. Among the known species of Matsucoccus. 
only two cases of parthenogenesis have been reported. Partheno¬ 
genesis has been found in the species, M. pini (Boratynski, 1952) 
and M. iosephi (Bodenheimer & Neumark, 1955). 
Fecundity was found to vary with age of infestation (Fig. 31). 
This determination, based on the actual number of eggs produced, is 
not difficult as a female produces but a single ovisac and the eggs 
within are easily counted. The full complement of eggs does not 
always appear in the ovisac, but the body of the female can be dis¬ 
sected and a count made of those remaining within. It is also possi¬ 
ble to determine fecundity by dissecting virgin females. This is the 
more difficult procedure, however, and is subject to a greater count¬ 
ing error. An average of 262.4 eggs (range 88-615) was obtained in 
June, I960, from 80 ovisacs selected at random. 
The author hypothesizes that the variation in fecundity illus¬ 
trated in Fig. 31 is directly correlated with the physical condition of 
the host. Frequently, after repeated heavy attacks, the tree becomes 
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desiccated or the food supply becomes actually cut off and the insect 
starves or becomes desiccated. The data presented in Tables 4-12 
on the condition of plot trees afford some basis for this hypothesis. 
LIFE TABLES 
Partial life tables based on actual samples are presented in 
Tables 16-19 for the summer and overwintering generations of M. 
resinosae in each of the study plots. The form used follows the demo¬ 
graphic tables of Morris and Miller (1954) and Stark (1958). The life 
expectation column ”ex” of Morris and Miller was eliminated. The 
manner of determining ’’lx" and ”dx” was the same as that employed 
by these authors. That is, survivorship and natural mortality were 
measured by periodic sampling of the populations in the study plots. 
With few exceptions, the populations were sampled at weekly inter¬ 
vals and the peak of abundance for each stage was used in the 
determinations. 
The life tables show three periods when mortality factors 
drastically reduce the scale populations. These are (1) during the 
period from) egg to sessile form of the first-stage larva of the summer 
generation, (2) in the same period of the overwintering generation, and 
(3) during the sessile form of the overwintering generation. Egg pre¬ 
dation, the loss of crawlers through predation and dispersal, and 
the physical condition of the host are responsible for the high mor¬ 
tality during the egg and neonate crawler stages. Observations indi¬ 
cate that the degeneration of phloem cells following repeated attacks 
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preventing crawlers from becoming established, is the primary mor¬ 
tality factor and perhaps the most important factor in the epidemiology 
of the insect. 
The percentage mortality is greater in the overwintering gen¬ 
eration. This higher mortality, as contrasted with the summer gen¬ 
eration, is attributed to the combined effect of lethal minimum winter 
temperatures and twig desiccation. 
SURVIVORSHIP AND DEATH - RATE CURVES 
Survivorship and death-rate curves for the summer and the 
overwintering generations of each plot, 1960-61, are presented in 
Figs. 32-35. The mortality factors mentioned in the life tables appear 
as steps in the survivorship curves, those of the egg to sessile stage 
interval in each generation representing a long single step. The bars 
to the right in the death-rate curve represent the percentage mortal¬ 
ity of the total generation. 
summary 
Investigations of certain aspects of the biology and ecology of 
the red pine scale, Matsucoccus resinosae Bean and Godwin, were 
begun in June, i960. Study plots were established in stands of red 
pine in Easton and Stamford, Connecticut. 
An infestation of M. resinosae was found on a Japanese black 
pine, P. thunbergii Pari, growing on the grounds of the Bartlett Tree 
48 - 
Research Laboratories. This is the first record of the insect becom¬ 
ing established of its own accord on a species of Finns other than P. 
resinosa Ait. 
The red pine scale can be transported from one area to another 
by the automobile. There is circumstantial evidence to implicate man 
and all inhabitants of the forest as agents of dispersal. 
There are two generations annually. Development was found 
to vary between the Easton and Stamford areas. Each mated female 
lays her quota of eggs in a single ovisac. Unless mated, the female 
dies without ovipositing. Crawlers of the summer generation appear 
in June; those of the overwintering brood appear late in August and in 
September. The insect overwinters as a first-stage larva. There is 
no evidence of reproduction by parthenogenesis. 
Population densities were found to vary within individual trees, 
between trees, and between areas. The site of heaviest scale popu¬ 
lation on a tree varies with age of infestation and intensity of attack. 
At the onset of symptomatic foliar injury the greatest proportion of 
scales usually is found on the second and third year-old growth. 
Mortality within a single generation of M_. reainosae normally 
is very high. It is determined primarily fcy physical factors, preda¬ 
tors, and intraspecific competition. Life tables, based on quanti¬ 
tative studies of the summer and overwintering generations, 1960-'61, 
demonstrate the existence of three periods when mortality factors 
drastically reduce the scale population. These are during the period 
from egg to sessile form of the first-stage larva of the summer 
49 
generation, in the same period of the overwintering generation, and 
during the sessile form of the overwintering generation. Highest mor¬ 
tality occurs in the neonate crawler stage. Overwintering first-stage 
larvae are killed by prolonged exposure to low temperatures. 
The degeneration of phloem cells following repeated attacks 
appears to prevent permanent infestations of 2VL resinosae. 
An anthocorid bug, Xenotracheliella inimica Drake and Harris 
\ 
was found to be the most effective predator. It was observed feed¬ 
ing on all stages of the scale, but it showed a preference for the egg, 
first-stage larva, and adult female. There was no evidence of either 
entomophagous parasites or pathogens. 
600- 
Fig. 32 - Survivor ship-Death Rate Curves for the Summer and 
Overwintering Generations of M. resinosae, Plot 1, 1960-'61. 
35 
% 
MONTH 
Fig. 33 - Survivorship-Death Rate Curves for the Summer and 
Overwintering Generations of M. resinosae. Plot 2, I960-*61. 
100- 2 
MONTH 
Fig. 34 - Survivor ship-Death Rate Curves for the Summer and 
Overwintering Generations of M. resinosae, Plot 3, I960-'61. 
900- 
Fig. 35 - Survivorship-Death Rate Curves for the Summer and 
Overwintering Generations of M. resinosae, Plot 5, 1960-'61. 
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TABLE 132. Frequency Distribution of Eggs per Ovisac 
(Pooled Plot Data by Years) 
No. of Ovisacs 
Eggs/Ovisac I960 1961 
0-50 0 4 
50-100 1 22 
100-150 9 33 
150-200 14 24 
200-250 21 21 
250-300 16 5 
300-350 24 5 
350-400 16 2 
400*450 3 0 
450-500 4 0 
500-550 3 0 
550-600 3 0 
600-650 2 0 
Total 116 116 
Variance of Mean 
Error of Mean 
111.08 
±\§. 54 45.10 ±6.7 
TABLE 133. Fecundity - Baaed on Average Number Eggs/Ovisac* 
Date 
Location 
Range Plot 2 Plot 3 Plot 5 
9/13/60 
r 
175. 3 (10) 88-424 
6/21/61 129.1 (10) 38-210 
6/10/60 318.6 (43) 67-559 
6/19/61 115.8 (23) 13-237 
9/6/61 190.1 (43) 68-367 
6/10/60 315.8 (18) 145-617 
8/16/60 273.2 (8) 124-385 
9/6/61 173.2 (18) 72-309 
♦Numbers in parenthesis indicate ovisacs examined. 
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